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I. General Considerations
All commercially available chemicals were purchased and used as received, unless otherwise noted. Solvents were dried over an alumina column prior to use for the extraction of a lignin and its oxidation. NMR spectra were acquired on a Bruker Avance 500 MHz spectrometer in a mixture of DMSO-d 6 /pyridine-d 5 (4:1). The 1 H-13 C correlation experiment was an adiabatic HSQC experiment (Bruker standard pulse sequence 'hsqcetgpsisp.2'; phase-sensitive gradientedited-2D HSQC using adiabatic pulses for inversion and refocusing). 1 HSQC experiments were carried out using the following parameters: acquired from 11 to 0 ppm in F2 ( 1 H) with 1098 data points (acquisition time 100 ms), 210 to 0 ppm in F1 ( 13 C) with 420 increments (F1 acquisition time 8 ms) of 80 scans with a 0.5 s interscan delay; the d 24 delay was set to 0.89 ms (1/8J, J = 145 Hz). The total acquisition time for a sample was 6 h. Processing used typical matched Gaussian apodization (GB = 0.001, LB = -0.3) in F2 and squared cosinebell and one level of linear prediction (32 coefficients) in F1. Peak integrals were obtained using built in TopSpin 4.0.1 contour level region selection and manual integration region selection. The lignin before and after oxidation (40 mg), was subjected to the same NMR experiments using the same conditions and parameters. Tentative (in some cases) assignments were made from existing assigned NMR spectra. 2 Lignins from other pretreatment methods were extracted as previously described.
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II. Isolation of a Lignin by Mild Acidolysis Pretreatment Method
Extractive-free coarsely ground (e.g., 2-4 mm Wiley-milled) sample (10 g) was suspended in 120 mL of dioxane/water mixture (9/1, v/v) containing 0.2 mol.L -1 HCl. The suspension was refluxed under gentle N 2 bubbling and magnetic stirring for 30 min for soft-wood and 45 min for hardwood. The cooled mixture was vacuum-filtered through a porcelain Büchner funnel (Whatman filter paper grade 4). The residue was washed three times with 50 mL of dioxane/water mixture (9/1, v/v). The pH of the resulting solution was adjusted to 3-4 by saturated aqueous NaHCO 3 solution. Then, the solution was concentrated to about 50 mL by rotary-evaporation (45 °C), taking care to stop before any insoluble lignin appeared. Lignin was precipitated by pouring the concentrated solution into a large volume of cold water (500 mL). The precipitated lignin was isolated by centrifugation (30 min at 1200 g, 4 °C), washed with 100 mL deionized water, centrifuged again and freeze-dried. 6 Three lignin samples (poplar, maple, and maize) were 
III. General Procedure for Catalytic Aerobic Oxidation of Lignins
To a 250 mL thick wall flask, 40 mg of dry lignin sample (containing 5 mg of sugars and ash) and 1 mg of 4-acetamido-TEMPO were added. The flask was then connected to a gas manifold, and purged with oxygen gas. Solutions of 1.7 µL of nitric acid (67%) in 2 mL acetonitrile and 1.2 µL of hydrochloric acid (37%) in 2 mL of acetonitrile were injected sequentially through the septum. Finally, 11 mL of acetonitrile and 100 µL of water were injected. The oxygen pressure was adjusted to 2 atm. The reaction mixture was stirred at 65 °C. After 28 h, the mixture was cooled to room temperature and depressurized carefully. The solvent was then evaporated and the crude residue was subjected to the depolymerization in aqueous formic acid (see the characterization data for oxidized poplar, maple, and maize lignins below). 
IV. General Procedure for Depolymerization of the Oxidized Lignins
A 15 mL heavy wall glass tube with a stir bar was charged with the oxidized lignin sample, sodium formate (35 mg; corresponding to ~3 eq. per benzylic alcohol group in the polymer), and 5 mL of aqueous formic acid (85-90 wt%). The tube was sealed with a PTFE screw cap and heated for 24 h at 110 °C. The formic acid was then evaporated and the residue was extracted with ethyl acetate (3×15 mL). The organic-soluble fraction was concentrated under vacuum to obtain a viscous oil was, which corresponds to the low molecular weight aromatics. The organicinsoluble material was washed with diethyl ether and then water to remove sodium formate and dried under vacuum. The mass of the resulting material was representative of the polymeric material. Table S1 and S2 summarize depolymerization data for the different lignin samples.
V. Identification and Quantitation of Low Molecular Weight Chemicals
Quantitation of depolymerization products was performed via gradient elution from an Ascentis Express C18 column (150 mm x 2.1 mm x 2.7 µm particle size, Supelco, Bellefonte, PA) followed by integration of UV absorption traces at specified wavelengths and, for three compounds, of extracted-ion chromatograms of [M-H] -ions. A UV/Vis photodiode array detector (Accela PDA Detector, Thermo Scientific, San Jose, CA) and a quadrupole-Orbitrap hybrid mass spectrometer (Q Exactive, Thermo Scientific) equipped with a heated electrospray source (HESI II Probe, Thermo Scientific) were used to detect analytes. The system was fitted with an autosampler that kept samples at 3 °C prior to injection (Thermo HTC PAL, Thermo Scientific). Mobile phase A consisted of 0.1% aqueous formic acid and B was acetonitrile. The gradient program at 0.4 mL/min flow rate and 35 °C was: 7.5% B for 1 min, to 10% B over 5 min, to 22.5% B over 11 min, to 75% B over 5 min, and held there for 3 min before returning to 
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initial conditions over 0.5 min and re-equilibrating for 3.5 min for a total run-time of 29 min. The UV detector acquired spectra (191-449 nm) at 4 Hz. Filter bandwidth was set at 3 nm, the wavelength step was set to 1 nm, and filter rise time was set to 0.2 s. The mass spectrometer was operated in fast polarity switching mode, acquiring full scan (115 -250 Th (-) and 120 -390 Th (+), R = 17,500, AGC Target = 5e5, max. injection times = 100 ms, centroid acquisition, S-lens = 50, and inlet = 325 °C) mass spectra in positive and negative ion mode concurrently. The source conditions were as follows: Source heater at 350 °C and 60 and 20 units each of sheath and auxiliary gas. Samples were diluted to 0.05 mg/mL starting material equivalent before injection by serial dilution in 10% DMSO in methanol and then 10% aqueous methanol. Finally, an equal volume of aqueous internal standard solution (10 ppm acetaminophen and vanillin -13 C 6 ) was added. Of each solution 5 µL were injected onto the column for analysis. After analysis, linear calibration curves from 0.08 to 5 ppm giving R 2 values of at least 0.9997, except for benzoic acid (R 2 = 0.997) and 3,5-dinitroguaiacol (quadratic curve, R 2 = 0.999), were prepared by serial dilution of combined standard solutions. Quantitation by UV absorption took place by setting a 10 nm window around an absorption maximum of each compound. The chosen wavelengths can be read from Table S3 . All compounds quantified by UV absorption were normalized to the acetaminophen signal whereas vanillin, 3,5-dinitroguaiacol, and 4-hydroxy-3-nitrobenzoic acid were normalized to vanillin-13 C 6 . Compound quantitation proceeded via Xcalibur QuanBrowser software (Thermo Scientific).
Product identification. Identification of compounds consisted of two steps: (1) Products were tentatively identified by exact mass, relative retention time, and interpretation of UV and MS/MS spectra in the context of expected depolymerization products. (2) Product identities were confirmed by matching of MS/MS spectra, UV spectra, and retention times to authentic standards that were either purchased or synthesized. Table S3 . Quantitation wavelengths, mass-to-charge values, internal standards and retention times.
